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4. The Cyclic Hemiacetal Structures of Monosaccharides
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hemiacetal structure
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D-glucose

(Fischer projection)

= Fischer projection0f| A]| OH7} L & ’3.°01| U2 ™ Haworth projectionOf| A = ring OF2f Off =X 2HCF.
»  D-sugar®| Al CH,OH+ ring?/0fl RXCL.

Example 3.
Draw the Haworth projection for the six-membered cyclic structure of b-mannose.

CH=0 CH,OH
HO——H 0
HO ——H :> Hn
H—— OH oH HO  (HOH)
H——OH O /
CH,OH H u

D-(+)-mannose D-mannose



5. Anomeric Carbons; Mutarotation

anomeric
b
CILGE Ny CH,OH CH,OH
O OH O
H OH
OH -7 OH 0= OH
HO OH HO HO
OH OH OH anomeric
a-D-glucose (36%) D-glucose B-D-glucose (64%) carbon
(mp 146°C) (acyclic, aldehyde (mp 150°C)
[a]+112° form) [a]+19°
| interconvert to each other in aqueous solution
CH=0
H——OH
HO—T—H
H——OH
H——0H
CH,OH
D-glucose
(Fischer projection)
0.003% -> silver mirror test
=%t a-D-glucoseE =0l = O| H specific rotation2] £7|ZF2 112 O| X| Tt A7t
O| XL 2t 52 = 7+ =Tt > why 522 - example 16.4



6. Pyranose and Furanose Structures

pyran

Pyranose: cyclic monosaccharide”} 62+

-1 O
Furanose: cyclic monosaccharide7} 52t & [If

furan

CH,OH
H O L
C52| OH7} S4Bl A
OH H , (H,OH)

hemiacetal O] =| ™
H pyranose”| =l C},

H OH
D-glucose

a- and B-D-glucofuranose

6 1 6
HOCH, -9~ CH,OH HOCH, ~O<~_ OH  ,jomeric
” HO 5 5 HO 2 o carbon
OH CH,OH
4 3 4 3 1
OH OH
a-D-fructofuranose D-fructose B-D-fructofuranose
(—OH at C-2 is “down”) (acyclic keto form)

(—OH at C-2 is “up”)



7. Conformations of Pyranoses

Pyranose rings prefer a chair CH=D
conformation. We can rewrite H—{—0OH
the Haworth projection as below.
HO——H
H——OH
H——OH
CH,OH

D-glucose

(Fischer projection)

D-glucose
/ (acyclic, aldehyde form) \

H H
y s
L CH,OoH H |
4 0 J
HO™ N\ T~ [
5 2
_OH
a-D-glucopyranose B-D-glucopyranose —> alpha2 Cf &

abundantStCH> why?

D-Glucose?} pyranoses Of| A| 7+t
stableSt 1! abundantSkCt > why?

Larger substituents are equatorial.



Conformational isomerism in Cyclohexane

axial
equatorial a/Xlﬁ
N\ equatorial W
axial axial
ball-and-stick model space-filling model boat cyclohexane

(not favored)

Axial bonds (red) in the left structure become equatorial bonds
(red) in the right structure when the ring “flips.”

fast flipping at r.t,
m slow flipping at -90°C %



methyl axial methyl equatorial

5% 95%
ring flip
> \% chloride, bromide S O|
<« A0 & OpEEIEX] .
5% 95%

¢ w \\\\\\\“ * Q

cis form trans form



Example 5. Draw the most stable chair conformation of a.-D-mannopyranose.

(:.H:() CH=0
H——OH HO——H
HO H O =—1—11
H——O0OH H——O0H
H——O0H H——0H
CH,OH CH-,OH
D-(+)-glucose D-(+)-mannose <2 OH is axtal

a—L)—mannopyranose
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8. Esters and Ethers from Monosaccharides

CH,OH

OH

B-D-glucopyranose

N
CH,COCCH, AcO
OH pyridine, 0°C

B-D-glucopyranose pentaacetate

purification and reactions in organic solvent

OAc



9. Reduction of monosaccharides

CH=0 CH,OH
CH,OH H——OH H——0OH
O HO—/——H H,, catalyst HO——H
HO H———OH or NaBH, H—/——OH
HO OH — H——"0OH H——O0OH
OH CH,OH CH,OH
D-glucose D-glucose D-glucitol
(cyclic) (acyclic) (sorbitol)

Catalytic hydrogenation or reduction with sodium borohydride (NaBH,)

Sorbitol is used commercially as a sweetener and sugar substitute.



11. Formation of Glycosides from Monosaccharides

CH,OH CH,OH
@) @)
OH OCH,4
H” “—_glycosidi
glycosidic
OH M OH bond
HO HO
OH OH
B-D-glucopyranose methylB-D—glucopyranoLde — glycoside

(mp 115-116°C)

(hemiacetal)
(acetal)

Example 16.6
Write a Haworth formula for ethyl a-D-mannoside.

CH,OH
o) /a
OH HO
HO OCH,CH,

Mannose differs from glucose in the configuration at C-2.



HOCH, 1|{
:OCH,

(attack either face)
HO

OH

beta-glycoside

CH,OH o |
0O Occurs in willow bark, fever reducing power
) CH,OH was known to ancients
OH
HO H
OH
salicin

(the B-D-glucoside of salicyl alcohol)



12. Disaccharides

16.12.a Maltose (A )

CH,OH

acetal
(glycosidic)
carbon
maltose
4-O-(a-D-glucopyranosyl)-B-D-glucopyranose

Maltose is the disaccharide obtained by the partial hydrolysis of starch.

Two monosaccharides linked by a glycosidic bond between the anomeric carbon and other
hydroxyl group.

A2 7t=ololl 2ol & 7Hel ZEF2 2 F2[7t &0, dA| LHo| M= ZEOLA|
(maltase)Ofl 2|5l Zt==&3lj 7} & O] Lt



12.b Cellobiose (2 Z2H| ) MEZ QA0 JMEHR|O|LCE,

CH,OH

cellobiose
4-0-(B-D-glucopyranosyl)-B-D-glucopyranose

12.c Lactose (R, Sh
5%%*0 O|E = iOTErQ N, E95] £F H0AM Ho| HARH, O ¥ 270 6.7%, 20
45% E& gakl0f ULt

glucose unit

galactose unit

lactose

4-O-(B-p-galactopyranosyl)-a-D-glucopyranose



Ct M E} =
12.d Sucrose (X, €, table sugar) APERSS, A B, SITHE SO B9 5 gho| RO\t
i 6
CH,OH
: a configuration B ) .
a-D-glucopyranosyl-B-D-fructofuranoside
D-glucose J 1/ - (or B-D-fructofuranosyl-a-D-glucopyranoside)

unit

'CH,OH

i

B configuration O

- o)
D-fructose HOH2C
= pi

unit 5 HO 2
CH,OH

OH

Sucrose has the molecular formula C:H-,0;

CH,OH CH,OH
i

OH — o CH,OH

alpha 1-2
a-Glucose B-Fructose

Sucrose



Sweetness of various compounds

Name Type of compound Sweetness
Lactose Disaccharide 0.16
Maltose Disaccharide 0.33 - 045
Sorbitol Polyalcohol 0.6
Glucose Monosaccharide 0.74 - 0.8
Sucrose Disaccharide 1.00 (reference)
Fructose Monosaccharide 117 - 1.75

Steviol glycoside Glycoside 40 - 300
Sodium saccharin Sulfonyl compound 300 - 675

Lugduname

Guanidine compound

300,000 (estimated)
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